Objective: To test the hypothesis that retinochoroidal collateral veins (RCVs), or alternatively, retinociliary or optociliary shunts/collaterals/veins or opticociliary anastomoses, act protectively against the development of anterior segment neovascularization (ASN) following central retinal vein occlusion (CRVO).
Results: Only 1 (5.4%) of 19 individuals who developed ASN did so in the presence of RCVs. In contrast, 11 (57.9%) of 19 individuals in the control group developed RCVs. Statistical analysis revealed that patients who developed ASN were roughly 25 times less likely to have had RCVs than individuals who never developed ASN (odds ratio=24.74; P =.001).
Conclusion:
Retinochoroidal collateral veins are negatively associated with ASN post-CRVO and may function in a protective manner against such an outcome.
Arch Ophthalmol. 2003; 121:332-336 R ETINOCHOROIDAL collateral veins (RCVs), also referred to as optociliary veins/shunts, opticociliary anastamoses, and retinociliary shunts/collaterals, are known to develop on the optic disc after blockage of retinal venous drainage; thus, RCVs potentially act as alternative drainage pathways for retinal blood. 1 Although some researchers have postulated that these vessels develop de novo, 2 most believe that they are preformed channels that enlarge when the normal drainage system is impaired. [3] [4] [5] In contrast to neovascular vessels, they do not show leakage on fluorescein angiography. Ophthalmoscopically, RCVs tend to be large and tortuous and appear darker than normal vessels. They have been noted to form and sometimes resolve in correlation with the degree of retinal venous stasis. [6] [7] [8] [9] [10] Observers have long questioned whether RCVs, which do not demonstrate significant flow on fluorescein angiography, can adequately compensate for severe retinal ischemia. However, recent studies using indocyanine green videoangiography have shown that RCVs substantially drain retinal venous circulation into the choroidal vasculature, and from there into the vortex veins. [11] [12] [13] Observers have long noted that RCVs are a common finding after central retinal vein occlusion (CRVO). Although they may be congenital or associated with meningiomas and various other abnormalities, they are most frequently found as a consequence of CRVO. The incidence of RCVs post-CRVO is generally about 50%.
14 Neovascular glaucoma (NVG) is a dreaded yet not uncommon consequence following CRVO and generally leads to total blindness if not recognized and treated in its earliest stages. Neovascularization of the iris and neovascularization of the anterior chamber angle are harbingers of impending NVG and develop in more than half of nonperfused CRVO. 14, 15 In this article, these 2 conditions are collectively referred to as anterior segment neovascularization (ASN).
CLINICAL SCIENCES
Although not much is known concerning the physiologic significance of RCVs, investigators have postulated that they protect the eyes from poorer visual outcomes post-CRVO by acting as an alternative drainage route for retinal circulation. 16 Others have contended this assertion (see "Comment" section). This study aims to delineate the possible prognostic significance of RCVs post-CRVO and analyze the possibility that they act protectively against the development of ASN.
METHODS
Patients diagnosed as having CRVO between January 1992 and January 2001 were identified, and their records were reviewed. Institutional review board approval was obtained prior to review of these patients' records. Patient age, sex, race, length of follow-up, and visual acuity at onset and at end point were recorded for these 107 individuals noting the presence or absence of ASN. Visual acuity was recorded using the Feinbloom and Snellen scales.
All pertinent clinical findings (eg, ASN, RCVs, and type of CRVO) were obtained from the examination notes of 3 of us (R.M.F., J.O.M., and M.F.W.). In many instances, the ophthalmoscopic findings were correlated with other data (notably, data from fluorescein angiograms and fundus photographs) to help assure proper classification, especially in cases in which RCVs could not be differentiated from neovascularization of the disc. No attempt was made to "grade" the RCVs. End points for our data collection included the development of ASN and last follow-up visit.
Patients with ASN (n=34) were identified and separated from those who never developed this complication (n=73). Our interest focused on patients who developed ASN and whether or not they had RCVs prior to this development, so we excluded those who initially had a diagnosis of ASN and those with less than 3 months of follow-up. We also excluded individuals who developed ASN more than 24 months after their initial diagnosis of CRVO; this late-developing ASN was probably not related to the initial insult and more likely represented a separate thrombotic event (see "Comment" section). Because ASN is a complication of nonperfused (ischemic) CRVO, we excluded patients from this group who had a diagnosis of perfused (nonischemic) CRVO. Nineteen of the 34 individuals met the aforementioned criteria. Subsequently, a matched control group was created with 19 subjects who did not develop ASN (see Table 1 and Table 2 ). These 2 groups of 19 individuals were analyzed for the presence or absence and time to development of RCVs.
RESULTS
The ASN group had a mean age of 74.1 years (range, 49-84 years), had a median visual acuity of 20/500 in the affected eye, consisted of 8 men and 11 women, and had a mean follow-up time of 22 months. Similarly, the control group had a mean age of 75.5 years (range, 54-93 years), had a median visual acuity of 20/400 in the affected eye, was made up of 9 men and 10 women, and had a mean follow-up time of 13 months. Median visual acuity was used (instead of mean visual acuity) because of quantification difficulty with many recorded acuities (eg, counting fingers, hand motions, light perception, and no light perception). The mean time to develop ASN was 4.5 months (range, 3 weeks to 18 months) with a median time of 3 months. The mean time to develop RCVs among 12 individuals from both groups was 3.9 months (median, 4 months).
As shown in the Figure, only 1 individual (5.3%) from our ASN group exhibited RCVs before developing ASN. This is contrasted with 11 individuals (57.9%) from our control group who developed RCVs. These results were statistically significant (P = .001). An odds ratio of 24.75 (95% confidence interval, 2.72-25.62) was calculated signifying that an individual who develops ASN is nearly 25 times less likely to have RCVs than an individual who does not develop ASN.
We further analyzed our data by reviewing all 107 cases and calculating the frequency of RCVs in both the ASN and non-ASN groups. For this analysis, we extended the data collection time to the last visit for all patients (ie, we did not use ASN development as an end point). The results revealed that 49 (46%) of 107 patients with CRVO developed RCVs. Stratification revealed that 38 (52%) of 73 individuals without ASN developed RCVs compared with 11 (32%) of 34 in the ASN group (there was no attempt to distinguish perfused from nonperfused CRVO in either group). More strikingly, only 3 (8.8%) of the 34 individuals from the ASN group were found to have RCVs before their development of ASN (ie, 8 of the 11 developed RCVs after ASN). Of these 3 patients, 2 developed ASN 3 to 4 years after their initial CRVO diagnosis and likely represent a new occlusive event. However, even including these 2 individuals, statistical analysis revealed that those who develop ASN are 10 times less likely to have RCVs than individuals who do not develop ASN (odds ratio = 10.33; 95% confidence interval, 2.90-36.78; PϽ.001).
The mean time to develop RCVs among all 107 individuals was 6.7 months (excluding the 4 individuals who developed RCVs at 12 months or longer, the mean time to RCVs was 3.9 months). The mean time to develop ASN was 7.5 months (excluding the 3 individuals who developed ASN at 12 months or longer, the mean time to ASN was 3.1 months).
COMMENT
Investigators have long noted the importance of being able to identify patients with CRVO who may be at an increased risk of developing ASN so that they might receive more aggressive follow-up and treatment. Because ASN is essentially a complication of nonperfused CRVO, much research has been aimed at proper differentiation of nonperfused from perfused CRVO (alternatively called ischemic and nonischemic types, respectively). Many studies have identified various possible prognostic factors including initial visual acuity, ophthalmoscopic findings, 17(p489) Additionally, many of these studies are burdensome on the patient and physician, increase the cost of care, and may not be generally available.
Visual acuity and ophthalmoscopy stand out as being the most widely available and regularly tracked findings. Visual acuity holds some predictive information for future ASN development, [17] [18] [19] but its usefulness is limited; macular edema, which generally causes a severe reduction in visual acuity, is a common finding in perfused CRVO. Ophthalmoscopically, the number and distribution of retinal hemorrhages and cotton-wool spots are unreliable predictors of ASN development. 20 In light of this information, there is a strong need for prognostic ophthalmoscopic findings or RCVs. Although some researchers believe that ophthalmoscopic findings are too subjective to provide information that may affect treatment, many of the previously mentioned tests are also affected by subjective interpretation. Notably, Welch and Augsburger 21 showed that with fluorescein angiography, agreement levels may be as low as 68% between 2 assessments by the same observer and that when using forced-choice analysis, only one third of observers make what is considered to be a correct classification of ischemia. However, observer bias is a potential confounding factor in this study. Verhoff 22 may have been the first to document the idea that RCVs were a positive prognostic finding following CRVO. Other early investigators noted that welldeveloped "collaterals" compensate for CRVO and point toward a good visual prognosis. 4, 23, 24 Vannas and Raitta 24 wrote that no RCVs could be identified in 59 eyes (0%) with NVG, whereas they were noted in 16 (13%) of 123 nonglaucomatous eyes. More recently, many studies have found that RCVs have a beneficial effect post-CRVO. The CVOS mentioned that patients with "venous collaterals were somewhat less likely" to develop ASN. 17(p488) Two studies 25, 26 have found that RCVs lead to a better prognosis as far as visual acuity is concerned; others, however, contend these findings.
14,27 Interestingly, Guiffre et al 27 noted that none of their 8 patients with NVG displayed RCVs as opposed to 34% of the patients without NVG.
Arguing against a protective effect of RCVs, one study stated that "development of disc collateral vessels [is] of no statistical prognostic value." 18(p739) This study included a small total number of eyes that progressed to ASN (12/59), provided no documentation of whether the time course to development of RCVs and ASN was followed, and made no comment on whether the RCVs occurred before or after ASN development. Similarly, most studies regarding RCVs post-CRVO have not made it clear if time courses for developing RCVs and/or ASN were followed. Because it is not infrequent for an eye with ASN to later develop RCVs (about a third of our ASN group eventually did), if the time course for each occurrence is not followed, investigators may not realize the association. Therefore, this study focuses on the possible temporal relationship between RCVs and ASN.
As alluded to earlier, we excluded individuals who developed ASN more than 24 months after their initial CRVO diagnosis from the case-control portion of the study. Studies have shown that ASN most commonly develops within 6 months post-CRVO and that development after 12 months is extremely rare. 17 In the rare cases of ASN developing after 12 months, some investigators have proposed that a more recent insult (ie, a new CRVO that was not compensated by the RCVs) was the cause of the subsequent ASN. This mechanism has been proposed as a likely means of progression from perfused CRVO to nonperfused CRVO. 28, 29 The CVOS found that approximately one third of all patients with perfused CRVO progress to nonperfused status within 3 years, with nearly half of the progressions occurring in the first 4 months. 17 In light of this mechanism, it is interesting to reanalyze our data on all 107 cases; 2 of the 3 individuals who developed ASN in the presence of existing RCVs did so at 3 and 4 years post-CRVO. Assuming a recent insult that would negate any protective effects of existing RCVs, only 1 (2.9%) of the 34 individuals who developed ASN did so in the presence of functioning RCVs. Interestingly, this individual developed RCVs 2 months post-CRVO, developed neovascularization of the angle 1 month later, subsequently received panretinal photocoagulation, and did not progress to NVG or have a decrease in visual acuity during her 16 months of follow-up.
CONCLUSIONS
Both the case-control results and those from the full data set suggest a strong negative association between the presence of RCVs and the subsequent development of ASN. Even more dramatic is that none of the 107 individuals developed NVG within 2 years after the initial visualization of RCVs.
Currently, most researchers suggest treatment protocols for CRVO that focus on the prompt identification and treatment of patients with ASN. 17, 29 Although our results suggest less concern regarding the progression to ASN in patients with RCVs, we do not recommend less frequent follow-up for such individuals at this point. However, if these results are confirmed in other studies, the presence or absence of RCVs may one day influence the clinical guidelines for follow-up post-CRVO. Notably, there is a need for prospective studies as well as more medical record review with proper attention to the time course relationship between RCVs and ASN.
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